Introduction
The Hough transform and the related Radon transform have received much attention in recent years. Using them makes possible the transformation of two-dimensional images with lines into a domain of possible line parameters, where each image line corresponds to a peak, positioned at the respective line parameters. The use of the Hough transform (HT) for target detection and track determination in white Gaussian noise is introduced by Carlson in [1] . An approach for CFAR detection by means of HT for track and target detection in condition of non-homogeneous background is considered by Behar in [2] [3] [4] . The Hough detection scheme includes CFAR signal detector in the area of observation, HT of the target distance measurements from the observation area into the parameter space, binary integration of data in the parameter space and linear trajectory detection. These CFAR Hough detectors have been studied in cases when the target flies in one azimuth and the speed is constant [2] [3] [4] [5] . There are cases when the HT is used for image processing after the conversion of search radar data from range-azimuth coordinate system to the Cartesian system connected with the radar [6, 7] . In contrast to the HT, proposed by Carlson, Evans, and Wilson in [1] , the polar Hough detection algorithm proposed by Garvanov and Kabakchiev in [6] and considered in the paper, is very effective for track and target detection because the input parameters of the transform are the output parameters of the search radar. The detection probability of a polar Hough detector, when range and azimuth are measurable without errors can be calculated by Brunner's method as for a standard Hough detector. In the real radar system is well-known that the target coordinates (range and azimuth) are measurable with errors. The measurement errors (accuracy) acc(r i ) and acc(a i ) decrease the binary integration in accumulator cells in the Hough space. In this case, the sinusoids of one linear trajectory will be intersected in different accumulator cells, and detection probability will decrease. To obtain max binary integration (peak) in the Hough space is necessary to increase size of the accumulator cells but it leads to bigger error for ρ and θ [7] .
In the present paper we propose a new Hough algorithm that will increase detection probability and probability of coincidence when the target coordinates are measured with errors. This algorithm includes moving window and binary integration. The target trajectory is detected, if the binary integration exceeds the threshold of detection. This algorithm improves Hough detector performance and increases detection probability. In the present paper we study the probability characteristics of a Hough detector with and without measurements errors. The study is carried out using Monte-Carlo simulations in MATLAB computing environment.
Review of Polar Hough Transform
The PHT maps points (targets) from observation space into curves in the Hough parameter space H(ρ, θ), termed as the (ρ-θ) space, by: In a real radar system, the target coordinates (range and azimuth) are measured with errors (accuracy) acc(r) and acc(a) can be expressed as measurement oscillations around the considered trajectory. In this case, the sinusoids of one linear trajectory will be intersected in different accumulator cells. We assume a normal distribution for acc(r) ≈N(0,σ r ) and acc(a) ≈N(0,σ a ), were E[acc(r), acc(a)]=0 is the operator of mathematical expectation, and σ r , σ a are the standard deviations of the measurement errors of the co-ordinates. In order to do the computation, parameter space is quantized to ∆ρ and ∆θ. Each point (r i -a i ) is mapped to a sampled, quantized sinusoid and each accumulator in parameter space H(ρ, θ) along the sinusoid is incremented.
Estimation of line parameters from polar Hough transform
The presence of errors when measuring the range and the azimuth causes problems in sinusoid integration in the Hough parameter space ( fig.1 ). Increasing the maximal binary integration peak size can be achieved by increasing of the samples in the Hough space. Thus the platform also gets increased. At the other hand increasing the sampling leads to a bigger error in ρ and θ measuring. In order to improve the estimation accuracy of the line parameters, we propose not to increase the sampling in the Hough space, but to use the center of gravity of the area detected ( fig. 2) . To make the parameter estimations more accurate we propose the Hough space firstly to be processed in a moving window ( fig. 3 ) in order to smooth the platform and get more salient area of sinusoids crossing. 
Simulation results
By Monte Carlo simulation, we study the probability of coincidence for a computation and an equal values of (ρ, θ) parameters, before and after processing with moving window (fig. 5, fig. 6 ). In the simulations, we initially chose acc(r)=0÷100m, acc(a)=0, 0.1 and 1 0 and quantization of the parameter space ∆θ=1 0 , ∆ρ=100m. The sliding window of length is L=3 cells from the parameter space. The increased azimuth and range measuring error causes lower probability of coincidence. The proposed in this paper algorithm making use of moving window improves the probability of absolute coincidence. 
Conclusion
In this paper, we have studied the influence of different accuracy characteristics of the TBD system over probability of coincidence for a computation and an equal values of (ρ, θ) parameters. We propose new detection algorithms in Hough space that will increase probability of detection and probability of coincidence when the target coordinates are measured with errors. The study is carried out using Monte-Carlo simulations in MATLAB computing environment.
